Fractionation of Polyoma Virus DNA on Hydroxyapatite:
Dependence on Tertiary Structure (Accepted I2 July I967)
We recently reported that the two components from polyoma virus DNA which can be separated after preparative ultracentrifugation (1) show different chromatographic properties on hydroxyapatite (2). Analytical ultracentrifugation and electron microscopy established that the fast component (component I, 2o S) consists of twisted circular molecules only, while the slow component consists of a mixture of untwisted circular molecules (component II, 16 S) and linear molecules (component III, I4. 5 S) in variable proportion depending on the DNA preparation examined (3). Since components I1 and III cannot be satisfactorily separated by preparative ultracentrifugation, the nature of the slow component we isolated by this method was still a matter of uncertainty and the basis for its chromatographic separation from the fast component had therefore to be questioned. We report here the results of experiments made to solve this problem.
Radioactive DNA was extracted from polyoma virus grown in the presence of either [z2p]_ or [ZH]thymidine and fractionated after velocity sedimentation in the preparative ultracentrifuge (1, 4.) As usual, the radioactivity recovered from the gradient formed two peaks only. Fractions corresponding to the fast peak (F), to the leading part ($1) and to the trailing part ($2) of the slow peak were pooled separately. Then the twisted form of the DNA was converted to the untwisted form (II) by the procedure of Vinograd et al. (5), modified as suggested by H. V. Thorne (personal communication): (4) vol. of a buffered solution (o.oi5 M-NaC1, o'ooi5 M-Na citrate, O.OI M-2-amino-2-hydroxymethyl-propane-I,3-diol (tris)+HC1 buffer, pH 8"5)conraining a sample of z2P-labelled F component and carrier calf thymus DNA (40 #g./ml.) were mixed with I vol. of freshly made hydroquinone solution (0"0o5 M, in water) and maintained at room temperature for 2 hr. One half vol. of neutralized EDTA solution (o'I M) and IO vol. of chilled ethanol were added successively to the mixture. The DNA precipitate was sedimented by ultracentrifugation (Ioo,ooog for 30 rain. at 4°), dissolved in o.2 ml. of diluted saline and refractionated by velocity sedimentation. Two peaks of radioactivity were again detected: the slow peak, which represented the circular form of the DNA untwisted as a consequence of the reaction with hydroquinone (II hydroquinone), amounted to 43 % of the total radioactivity recovered. This artificially made component II was used as a marker, being mixed with tritiumlabelled F, $1 or S~ polyoma virus DNA (see above) before velocity sedimentation or chromatography on hydroxyapatite (Fig. I) . The main feature of these results is that the trailing part of the slow component ($2) sedimented more slowly than the marker as would have been expected for linear molecules (III). That it actually consisted of Short communications 591 differed only slightly in chromatographic properties, though the twisted (F) and untwisted (II hydroquinone) circular forms were dearly separated. The chromatographic properties of the twisted form of polyoma virus DNA are thus distinct from those of the two other forms of the same DNA, whereas the latter exhibit nearly identical properties. We therefore suggest that the binding ability for apatite of a native DNA molecule depends mainly on the compactness of its configuration and is not markedly altered whether or not it possesses free ends. This would support the view that DNA molecules bind efficiently to apatite crystals under conditions which allow a better electrostatic interaction between the phosphate groups of the nucleic acid and the calcium ions of the column (6). Fractionated tritium-labelled polyoma virus DNA (F, $1 or $2) was mixed with II hydroquinone labelled with 3~p as a marker and divided into two samples; one sample was layered on 3 ml. of a CsC1 solution (pH 7. o, p = v5) and centrifuged (35,000 rev./min, for 4 hr at 20 °) in the SW39 rotor of a Spinco Model L ultracentrifuge (SED). The other sample was adsorbed on to a hydroxyapatite column and eluted using a linear concentration gradient (o'I5 M to 0"35 M) of pH 6.8 sodium phosphate buffer (CHR). The radioactivity of all fractions collected after both procedures and the salt concentration (Molarity, +--+) of some fractions collected after chromatography were determined.
The slow peak of tritium activity noticeable in the first sedimentation profile (F-SED) probably represents component II formed as a consequence of radiation damage.
